INTRODUCTION
Universities, national laboratories, and other recipients of federal funding for research and development receive over $100 billion each year from US taxpayers.
1 Under the Bayh-Dole Act of 1980, grant recipients can patent inventions stemming from laws of any jurisdiction, 11 and US universities have patented life-saving treatments in developing countries.
12 Access-to-medicine advocates are concerned that such patents may drive prices of essential products out of reach for some consumers in the developing world. 13 In our view, both of these critiques have considerable force. And yet there is a significant segment of the market for patented products to which neither argument applies: consumers in other rich-world countries. When a website in Germany pays a higher price to its server because the server uses a technology covered by a patent granted to MIT, 14 the website owner is not paying 'twice' for the technology because the website owner never paid a first time: US taxpayers, not German taxpayers, provided the funding for the research at MIT. 15 Meanwhile, the global distributive justice concerns R&D funding from the federal government, and 95 per cent of their R&D funding from other government and non-profit sources). We focus on university patenting for simplicity, but the benefit we will describe is more broadly applicable to federally funded research at other institutions (including other non-profit organizations, for-profit firms, and national laboratories) and to non-federally funded research at universities. 11 The text of the Bayh-Dole Act does not distinguish between US and foreign patents, see 35 U.S.C. § 202(a) (2012) , and the regulations implementing Bayh-Dole make quite clear that grantees can seek patent protection in foreign jurisdictions as well as the United States. See 37 C.F.R. § 401.14(a), cl. (b) (2016) (setting forth the general rule that a grantee 'may retain the entire right, title, and interest throughout the world to each subject invention'). 12 15 To be clear, one might still argue that the combination of federal grants and Bayh-Dole patent revenues results in 'excessive' rewards for knowledge-good producers. By 'excessive', we mean that the reward exceeds the amount needed to induce a potential innovator to pursue a project. The social costs of excessive rewards are fourfold. First, insofar as rewards are funded through behavior-distorting taxes (such as taxes on income or consumption), then excessive rewards distort behavior more than the minimum degree necessary to produce the corresponding innovation benefits. Second, and similarly, insofar as rewards come in the form of patent rents, then excessive rewards result in greater deadweight loss than necessary to motivate the innovator. Third, if rewards exceed the social benefits of innovation, then excessive rewards might induce innovators to pursue socially wasteful projects. And fourth, even insofar as excessive rewards amount to pure transfers from taxpayers or consumers to innovators, then excessive rewards might shift resources from individuals with higher marginal utilities of income to individuals with lower marginal utilities of income, thus reducing overall welfare. Our argument here is that US public and private investment in knowledge production might fall (further) below the level that maximizes global welfare if the US federal government and US firms did not have the opportunity to capture a portion of the benefits that US-generated knowledge goods confer on foreign consumers-an opportunity that the Bayh-Dole regime facilitates. Of course, if one believes that the current level of US public and private investment in knowledge production is supraoptimal, then that might be a reason to oppose a regime such as Bayh-Dole that facilitates further investment. Moreover, our argument is explicitly not that the internalization theory can justify US patents for federally funded research. On the latter point, see note 120 and accompanying text.
that come to mind when, say, patients in sub-Saharan Africa pay higher prices for a first-generation HIV treatment patented by Yale 16 are less compelling when patients in Norway pay more for a hair loss treatment patented by the University of Central Florida. 17 Indeed, in the latter context, allowing US universities to claim patent protection (as Bayh-Dole does) might seem attractive from a distributive justice perspective: Why should taxpayers in the United States pay for the development of the treatment while beneficiaries in (much richer 18 ) Norway pay nothing at all? 19 This overlooked international dimension of the Bayh-Dole regime may provide a novel-though partial-justification for allowing universities to obtain patents on publicly supported inventions, at least for foreign patents. In addition to yielding arguably attractive distributional consequences, such patents may also increase efficiency: by allowing the US federal government and US firms to internalize some of the benefits that federally funded inventions bring to foreign consumers, Bayh-Dole may induce higher levels of US public and private spending on research in the first place. Universities and other non-profits are required to reinvest Bayh-Dole patent revenues in science research and education, 20 and those universities with successful technology transfer programs have been able to devote substantial resources to new research projects.
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It is also possible that lobbying by universities and their domestic licensees who benefit from Bayh-Dole patent rents could cause Congress to increase research grant appropriations. This theory applies with similar force to other countries considering the enactment (or refinement) of Bayh-Dole-like laws: patents on publicly supported inventions allow the nation-state that sponsors the research to capture a larger share of the global benefits generated by its efforts, with potentially positive effects on the overall level of public R&D funding. We call this the 'internalization theory' of Bayh-Dole, and as far as we know, it is an aspect of the Bayh-Dole regime that has gone unmentioned in the literature thus far.
Our primary goal here is to describe the internalization theory, but we also seek to identify the questions that must be answered to evaluate its strength. For example: How 16 See U.S. Patent No. 4,978,655 col. 1 l. 8-10 (filed Dec. 17, 1986) often do federally funded research institutions seek patent protection in foreign jurisdictions? How much of this overseas patenting activity occurs in high-income countries and how much occurs in middle-and low-income countries? And when foreign sales of a product that resulted from federally funded R&D generate supracompetitive profits, where do these profits go? We offer a first cut at answering these questions, but we do not think there is yet sufficient evidence to offer a full-throated defense of the claim that Bayh-Dole actually serves a valuable benefit-internalization function on either efficiency or distributive grounds. Rather, we hope to lay the groundwork for universities and other Bayh-Dole proponents who are in a better position to bolster this claim empirically.
Our analysis proceeds in four short parts. Part I reviews the uneasy case for patents on federally funded inventions. Part II sets out the internalization theory and describes how Bayh-Dole may allow the United States to capture a portion of the benefits that federally funded R&D brings to consumers in other (and especially other rich-world) countries. Part III presents new data on the reach of university patents beyond the United States, with a particular focus on patents in industrialized nations that are not the focus of the 'paying twice' critique or the access-to-medicines movement. Finally, Part IV explores how internalization theory should affect the ongoing Bayh-Dole debate in the United States, as well as debates in other countries where governments are considering similar regimes.
I. THE UNE ASY CASE FOR BAYH−DOLE PATENTS
Prior to 1980, federal agencies maintained inconsistent policies as to whether recipients of research grants could take title to inventions that sprung from federally funded projects. 22 This uncertainty, as well as increases in the costs of bringing pharmaceuticals to market, 23 led Congress to pass the Bayh-Dole Act of 1980. 24 The stated goals of the Act include promoting 'utilization of inventions arising from federally supported research' and 'collaboration between commercial concerns and nonprofit organizations, including universities'.
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To accomplish these goals, the Bayh-Dole Act allows contractors such as universities that receive federal grants to 'retain title to' (ie obtain patents on) inventions created under those grants. 26 Once university patent administrators learn of a federally 22 See Eisenberg, supra note 9, at 1671-91; Peter Lee, Patents and the University, 63 DUKE L.J. 1, 30-32 (2013). As these and other scholars have explained, universities often sought patents on federally funded inventions before Bayh-Dole, and an important motivation for the Act was to standardize these practices. funded invention, a university has 2 months to notify the agency and 2 years to decide whether to retain title, and then another 1 year to file a patent-with shorter deadlines if the inventor has made any public disclosure (eg by publishing the invention) that limits the period of patentability.
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The agency may file any patents that a contractor chooses not to pursue, including patent applications in other countries. 28 Thus, if the contractor files a patent application in the United States but not the United Kingdom, the agency may file in the United Kingdom. If a contractor chooses to patent, 'the Federal agency shall have a nonexclusive, nontransferable, irrevocable, paid-up license' to the patents, and any US patent application must specify 'that the Government has certain rights in the invention'.
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Agencies may further 'require periodic reporting on the utilization' of the invention.
30
As a matter of law, agencies also may exercise 'march-in' rights to issue additional licenses to the invention if the contractor is not taking 'effective steps to achieve practical application' or 'to alleviate health or safety needs'. 31 In practice, however, march-in rights have never been exercised.
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Universities are required to reinvest their patent rents in research. The statute specifies that any grant agreement must contain a 'requirement that the balance of any royalties or income earned by the contractor with respect to subject inventions, after payment of expenses (including payments to inventors) incidental to administration of subject inventions, be utilized for the support of science research or education'. 33 The Bayh-Dole Act also includes an explicit preference for federally funded inventions to be manufactured in the United States. Any exclusive licensee of a Bayh-Dole patent must agree 'that any products embodying the subject invention or produced through the use of the subject invention will be manufactured substantially in the United States' unless domestic manufacture is infeasible.
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The justification for the Bayh-Dole Act generally offered by its supporters is materially different from the standard justification for the patent system overall. As Rebecca Eisenberg writes in her landmark analysis of the Bayh-Dole Act, 'a standard instrumental argument' for patents is that they provide 'incentives to invest in the costly and risky enterprise of making inventions,' but this argument 'loses much of its force in the case of inventions made with public funding' where taxpayers have already 'absorbed the risk that nothing will come of [their] foundation of the 'paying twice' critique: if US taxpayers are already funding university research to the optimal level, then adding patent rights to the incentive package gives an excessive reward. 36 ) Instead of relying on theories based on ex ante incentives, Eisenberg writes, Bayh-Dole advocates 'shift the focus from the initial costs of making an invention to the subsequent costs of developing an existing invention into a commercial product'. 37 The 'commercialization theory' posits that the Bayh-Dole framework facilitates cooperation between university researchers and the private-sector firms capable of bringing the products of university research to market. The idea that patents are needed for commercialization is the first goal listed in the statutory text, 38 is pervasive throughout the legislative history, 39 and has been noted by both the Supreme Court and the Federal Circuit. 40 Commentators have focused on this theory when defending Bayh-Dole, pointing to the number of patent licenses and start-up firms that the Act has produced.
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A typical example cited by advocates of the commercialization theory is that of a cancer researcher at a university whose work is funded by a federal grant; the researcher develops a cutting-edge therapy but cannot possibly afford to pay the millions of dollars required to put the therapy through clinical trials. So the researcher obtains a patent on the therapy and licenses it to a pharmaceutical company on an exclusive basis. The argument does not lose all of its force. For example, even when a federal grant fully covers out-of-pocket costs, it may not compensate the researcher fully for the opportunity cost of her time. A researcher who devotes years of work to a project at below-market pay does in that sense absorb part of the risk that nothing will come of her time investment, and the possibility of patent rewards may incentivize her to make that investment. On the other hand, there is no empirical evidence that Bayh-Dole spurs federally funded researchers to produce more or better inventions, and it is even theoretically possible that the financial incentives of Bayh-Dole could lead to less innovation if they 'crowd out' intrinsic rewards. Cf 42 Note that this 'commercialization theory' is focused on increasing dissemination of federally funded inventions, not increasing their initial supply.
The evidence surrounding the commercialization theory is mixed. One study found that almost a third of scientifically novel drugs are discovered by universities and then transferred to pharmaceutical and biotechnology companies for commercialization. 43 This data point might suggest that Bayh-Dole plays an important role in bringing inventions from the lab to the market (although it is unclear how many of these novel drugs would have been commercialized absent Bayh-Dole). On the other hand, data collected by the Association of University Technology Managers indicate that over 60 per cent of patent licenses issued by universities are non-exclusive. 44 That statistic calls into question the commercialization-theory account, in which the promise of exclusivity is what incentivizes a private-sector firm to invest in commercializing inventions coming out of publicly funded labs. As Eisenberg writes, 'nonexclusive licenses do little or nothing to give licensees an advantage over their competitors and thus are unlikely to enhance the profitability of product development'. 45 To be sure, one should be cautious about inferring that all non-exclusive licenses have no commercialization value: for instance, universities might maximize profits through cartel rather 42 . 45 Eisenberg, supra note 9, at 1710. than monopoly arrangements. 46 Yet at the very least, the pervasiveness of non-exclusive licenses creates a chink in the commercialization theory's armor. 47 In several high-profile cases of Bayh-Dole patents that ultimately ended up in litigation, the commercialization-theory account seems to carry little force. For example, Boston University made headlines-and earned the label of 'patent troll'-by successfully suing 30 of the largest tech firms over a non-exclusively licensed patent on blue LEDs, 48 which was the product of research partially funded by the National Science Foundation. 49 Given the rapid adoption of this technology without exclusivity, Boston University's patent does not seem to have been necessary to make blue LEDs publicly available. A similar conclusion applies to several high-profile inventions in the biological sciences. Stanford's widely licensed (and now expired) Cohen-Boyer patents on recombinant DNA technology-a foundation of the modern biotechnology industryare often cited as an example of inventions that did not need patents for commercialization. 50 As another example, a report on 10 genetic diagnostic tests requested by the Department of Health and Human Services found that in no case 'was the test developed by the exclusive rights holder the first to market'. 51 This included the test covered by the (now invalid) breast cancer gene patent owned by the University of Utah, the 46 For example, if a licensee firm thinks a university is profit maximizing, it might accept a nonexclusive license for a percentage of its profits on the condition that the university demand the same percentage from any future licensee. A purely profit-motivated university would have an incentive to grant a second non-exclusive license only if the first firm turns out to be bad at commercializing the invention (because a fixed percentage of monopoly profits is greater than that same percentage of duopoly profits). We are unaware of universities that have followed such a strategy, rather than making nonexclusive licenses available to all interested parties. 47 United States, and Myriad Genetics. 52 The research underlying this patent was financed in part by grants from the National Institutes of Health (NIH) and intramural research at the National Institute of Environmental Health Sciences. 53 When a product would have been invented even without the prospect of a patent and would have been commercialized even without exclusivity, then allowing a patentee to charge a supracompetitive price for the product might seem like it imposes an unnecessary tax on consumers. 54 One of us has argued that if commercialization theory is the justification for Bayh-Dole patents, then universities ought to be required to license patents to the party willing to commit to commercialization for the shortest period of exclusivity so as to minimize the welfare loss from higher prices. 55 If a 20-year patent life is not necessary to incentivize investment ex ante and not required for commercialization ex post, then what possible justification might there be for allowing exclusivity throughout the full patent term?
We do not claim to have a complete answer to the last question. Quite likely, many readers will reach the end of this piece and conclude that Bayh-Dole patent rights should be limited to cases in which exclusivity is necessary for commercialization. Yet there is one dimension of the Bayh-Dole regime that our analysis so far has ignoredand, indeed, that the academic literature on Bayh-Dole has ignored as well. Bayh-Dole patent rights affect not only consumers in the United States (the focus of the 'paying twice' critique) but also consumers in foreign countries (who have yet to 'pay once'). And while access-to-medicine advocates have drawn attention to Bayh-Dole patenting activity in the developing world, much less is known about Bayh-Dole activity in other high-income countries. The following part explains why patents on publicly funded research in high-income non-US countries might matter to the Bayh-Dole debates.
II. THE INTERNALIZ ATION THEORY OF BAYH-DOLE
To understand the potential benefits of foreign Bayh-Dole patents, we begin in Section II.A by considering why one might expect underinvestment in public funding for research grants in first place, and how the Bayh-Dole regime might offer a partial solution to this problem by allowing the United States to internalize foreign benefits of publicly funded inventions. Section II.B considers the mechanisms through which this internalization of foreign benefits might feed back into direct research spending. Finally, Section II.C discusses some important caveats to this internalization theory of Bayh-Dole. 52 
A. Bayh-Dole and global benefit internalization
We begin with a simplified model of how policymakers set funding levels for grants and national laboratories. If the goal of US policymakers is to maximize US welfare, then they should invest up to the point that the marginal cost equals the marginal benefit to US citizens (and perhaps US residents as well). Yet the scientific knowledge that results from this investment often benefits non-US citizens and non-US residents. If US policymakers do not consider these non-US benefits, then they will invest in knowledge subsidies at less than the globally optimal level. To be clear, we are not claiming that federal grant appropriations are explicitly based on detailed cost-benefit analyses, nor are we claiming that US lawmakers always act so as to maximize national welfare. We adopt the national welfare maximization assumption-which is standard in the international political economy literature-as a reasonable first approximation to explain US policy, but we interrogate and relax this assumption in Section II.B.
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Similarly, if policymakers abroad fail to account for the benefits to consumers in the United States and other countries when setting their spending levels for grants and other knowledge subsidies, they will also invest less than the optimum level. As Nobel laureate Joseph Stiglitz explains, '[k]nowledge is a global public good', and 'global public goods provide a central rationale for international collective action'. 57 But there is no comprehensive international agreement requiring nation-states to support research through public finance at any particular level. Rather, the solution nation-states have found to the problem of global underinvestment in technical knowledge is an IP solution. Most significantly, almost all nation-states have ratified the Agreement on TradeRelated Aspects of Intellectual Property Rights (TRIPS), which requires signatories (except least-developed countries) to offer 20-year patents in 'all fields of technology' to inventors from all other signatory states.
58 TRIPS allows producers of knowledge goods to internalize some of the benefits resulting from use of those knowledge goods abroad. 56 Innovation economist Suzanne Scotchmer worried that international coordination on patents rather than on non-patent incentives leads to 'too little public sponsorship and too much intellectual property' at the domestic level. 59 Yet the existence of patentlaw treaties such as TRIPS may actually help solve the problem of too little domestic spending on non-patent incentives when combined with Bayh-Dole regimes. The key to this argument is that Bayh-Dole allows federal government grantees to obtain patents not only in the United States, but also in foreign jurisdictions. In this way, BayhDole patents allow the United States to internalize some of the benefits that its own direct public spending on innovation brings to consumers overseas. Foreign consumers benefit from the inventions generated by federally funded research at US universities. And when foreign consumers pay supracompetitive prices on these patented inventions, much of this patent 'shadow tax' 60 flows back to the United States. Some of this benefit goes to government labs and public universities; 61 some goes to non-profit research universities and foundations that the federal government has chosen to support through tax exemptions; and some goes to US manufacturers like Myriad Genetics (and then to the US government through taxation of these profits).
As noted above, the Bayh-Dole Act even incorporates an explicit preference for keeping profits within the United States.
62 Thus, for example, the University of Utah could not exclusively license its breast cancer gene patent to a firm that would conduct genetic testing abroad. This limitation ensured that foreign consumers would have to obtain their tests for breast cancer gene mutations from a US firm (or, at least, a firm with a substantial presence in the United States).
B. The relationship between Bayh-Dole patents and direct R&D spending
While it seems clear that Bayh-Dole serves a benefit-internalization function, it is less obvious how this feature affects the overall amount of direct research funds within the United States. 63 We hypothesize two plausible mechanisms through which such funding may be increased: (i) greater support from internal university research funds generated from Bayh-Dole patent revenues and (ii) higher federal grant appropriations.
First, Bayh-Dole patentees are required to reinvest patent revenues in science research and education. 64 Successful university technology transfer offices have been able to recycle significant revenues back into new university projects. For example, the Wisconsin Alumni Research Foundation (the independent licensing arm of the University of Wisconsin-Madison) boasts of providing an inflation-adjusted total of '$2.3 billion in cumulative direct grants'. 65 To be sure, many universities do not generate much (if any) net income from their technology transfer programs, 68 and we are not aware of any data that separates foreign patent revenues from domestic income. It is therefore difficult to evaluate how successful this 'revenue recycling' hypothesis is in practice. (Though even when legal fees outstrip licensing income, Bayh-Dole patents may encourage additional grant spending; lawyers are often successful lobbyists.) What we can say, based on annual survey data from the Association for University Technology Managers (AUTM), is that the gross licensing income reported by US universities and non-profit research institutes has been increasing faster than their legal fees, as illustrated in Figure 1 . 69 The trajectory for net income that can be reinvested into university research thus appears positive. And at least some universities, such as Wisconsin and Stanford, have long been recycling their patent revenues-likely including foreign patent revenues-back into their research programs.
Furthermore, these licensing revenues do not include damages awards from patent infringement lawsuits brought by universities. 71 and Carnegie Mellon University's $1.5 billion award against Marvell Semiconductor (reduced to $750 million in a settlement). 72 These lawsuits do not seem to have much connection to commercialization of the underlying technologies, but if large portions of these rewards are recycled into new research projects, the net welfare effect may well be positive. To be clear, given the confidential nature of most university patent license agreements and litigation fee arrangements, it is difficult to draw any strong conclusions. Rather, we hope our argument will encourage universities to analyse and share their own data so that this claim may be evaluated more rigorously.
The second mechanism through which the internalization function of Bayh-Dole might increase grant-funded US research is through higher grant appropriations from Congress. Because their constituents benefit from Bayh-Dole patents filed abroad, lawmakers interested in increasing US welfare may have a greater incentive to invest public funds in research in the first place. If the United States invests up to the point that the marginal cost of research spending equals the expected marginal benefit within the United States, then bringing the marginal US benefit per unit of investment closer to the marginal global benefit will also bring US investment closer to the global optimum.
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Of course, the assumption that Congress will provide funding for scientific research up to the point that the marginal cost equals the marginal benefit to US citizens is an oversimplification-even observers with a highly optimistic view of legislators' motives would concede as much. And yet the assumption remains a serviceable first approximation even if one adopts a more cynical view of congressional action. Public choice theory suggests that members of Congress will support federal funding for scientific research so long as the political benefits (in particular, the benefits to well-organized interest groups) exceed the political costs (in the form of higher taxes). 74 Interest-group support for federal research spending will be stronger when well-organized domestic constituencies stand to profit from federally funded inventions. Universities have successfully lobbied both for 70 We conducted a search on Aug. 29, 2016, at LEX MACHINA, http://lexmachina.com (accessed Mar. 24, 2017).
Of course, large portions of these rewards likely went to university licensees and to the lawyers litigating the cases, rather than to university coffers. 71 increased research appropriations 75 and against any curtailment of their patent rights. 76 Moreover, many of the beneficiaries of federally funded research (even research that occurs at universities) are private-sector firms such as faculty spinoffs, 77 which may be capable of influencing lawmakers through more traditional methods (eg political contributions). This is not to suggest that interest-group politics will produce an outcome in which public funding for scientific research exactly equals the national-welfaremaximizing amount. It is to suggest, though, that the amount of funding seems likely to be positively correlated with domestic benefits, even if the correlation is far from perfect. 78 We will discuss numerous caveats to this account in the following section, but first, a concrete example may help illustrate the basic case. Suppose Congress is debating how much to appropriate to the US Department of Energy (DOE) for scientific research related to energy efficiency, 79 which may lead to inventions such as cheaper methods of sealing wasteful leaks in building air ducts.
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If these inventions could not be patented, 81 then consumers in other countries could free-ride off the duct-sealing knowledge that stems from DOE-funded research. If members of Congress are focused on benefits to only their constituents, they will not account for these benefits outside the United States when setting DOE's research budget. At the margin, there may be some energy-related research projects that would not be funded even though they are welfare enhancing from a global perspective.
Bayh-Dole allows DOE grant recipients to patent these inventions abroad so that some of the benefits to consumers in other countries flow back to the United States. . 78 To be sure, it is conceivable that federal funding for scientific research may be negatively correlated with BayhDole patent rents reaped by universities. Perhaps lawmakers will look at the additional revenues that BayhDole brings to universities and decide to reduce the amount of federal grants commensurately. Yet even in that scenario, the Bayh-Dole regime would serve a benefit-internalization function: by replacing taxpayer dollars with foreign licensing fees, Bayh-Dole would be reducing the burden that science research spending places on the federal fisc. Put differently, if Bayh-Dole leads to foreign consumers paying for research that would otherwise be funded by taxpayer dollars, then Bayh-Dole-by ensuring that foreign consumers pay once-results in US taxpayers paying less. . . about 20 to 30 percent of the air that moves through the duct system is lost due to leaks, holes, and poorly connected ducts. The result is higher utility bills and difficulty keeping the house comfortable, no matter how the thermostat is set.'). 81 For example, suppose that DOE adopts the market test proposed in Ayres & Ouellette, supra note 35, and firms prove eager to commercialize these inventions without exclusivity.
Imagine (though the example is far from imaginary) that a DOE-funded U.C. Davis professor creates a new duct-sealing method and the University of California's technology transfer office obtains a patent on this invention in the United States and in foreign jurisdictions. 82 The University of California then licenses its worldwide patent rights to Aeroseal, Inc., a startup company created to commercialize the technology. 83 Aeroseal, in turn, licenses the technology to dealers across the United States, Canada, and 19 other countries. 84 Dealers reap profits from their customers; Aeroseal reaps profits from the dealers; and the University of California reaps profits from Aeroseal. Bayh-Dole makes this possible by allowing the University of California to patent the duct-sealing technology: if anyone could use the technology, then the dealers would have no incentive to pay Aeroseal and Aeroseal would have no incentive to pay the University of California.
The key point is that Bayh-Dole patents allow US universities to earn licensing revenues that, at least indirectly, come from the foreign consumers who benefit from the products of US university research. The profits earned by the University of California can be redirected back into research. And if some Congress members consider these licensing revenues in their own cost-benefit calculus, then Congress may increase funding for energy-related projects. This increased funding is of course a benefit from the perspective of the grant recipients who share in these patent rents, but it is also a benefit from a global perspective: if some welfare-enhancing projects that would not have been pursued without Bayh-Dole are now funded, then consumers worldwide can benefit from technologies that would otherwise not exist. And note again that the flow of BayhDole revenue to the University of California may increase research funding even if the prospect of foreign patent rents does not affect congressional appropriations choices, because of the revenue-recycling requirement embedded in the Bayh-Dole statute.
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C. Caveats to the internalization theory
The prior two sections have described the internalization theory of Bayh-Dole: by allowing the United States to internalize some of the benefits that foreign consumers receive from publicly funded technologies, Bayh-Dole may increase grant-funded research within the United States closer to the globally efficient level that accounts for these external benefits. But there are important caveats to consider before concluding that this is in fact a significant net efficiency benefit of the Bayh-Dole regime. Here, we discuss three such complications: (i) the results of government-funded research cannot always be patented; (ii) investment in some kinds of research grants may not be suboptimal even without internalization of foreign benefits; and (iii) even if Bayh-Dole yields the internalization benefit that Part III describes, the costs associated with these patents may outweigh this benefit. 82 First, it is worth noting that the benefit we describe is inapplicable to knowledge that cannot be patented. For example, scholars have identified a number of medical innovations that are not protectable under most IP laws, ranging from hygiene checklists for intensive-care units 86 to the complex computational models known as 'black-box medicine'
87 to information about failed research projects. 88 The Bayh-Dole regime will not help the United States internalize foreign benefits from its subsidies for these kinds of projects, and other forms of global coordination may be necessary to prevent underinvestment. But this observation does not necessarily translate into an argument against Bayh-Dole patents: when knowledge cannot be patented, there are no patent-related costs either. And the fact that Bayh-Dole does not solve all problems related to underinvestment in non-IP incentives does not mean that it doesn't solve some problems.
One might argue that patent protection for knowledge goods that can be patented negatively affects investment in knowledge goods that cannot be patented, because capital is diverted from unpatentable technologies to patentable technologies. 89 Yet if capital can move freely across sectors, then protection for patentable technologies will have only an incidental effect on investment in unpatentable technologies (insofar as the increased rewards for investment in patentable technologies boosts the market-wide rate of return and thus the market-wide cost of capital). Put differently, protection for patentable technologies will divert capital away from investment in unpatentable technologies to the same extent that it diverts capital away from investment in any other sector. Patent protection for a new HIV drug reduces investment in black-box medicine to the same extent that it reduces investment in shoe factories and sports arenas.
The capital diversion story is compelling only insofar as the factors of knowledge production are in limited supply. Of course, capital and labor are always in limited supply, but greater investment in patentable technologies has at most a rounding-error impact on investment in unpatentable technologies unless capital and labor are trapped in (and locked out) of the knowledge sector. This might be true if, say, the number of scientists is fixed (such that increasing the rewards for science research won't stop scientists from becoming traders 90 ) or the availability of venture capital funding is limited (such that increasing returns to venture capital won't lead investors to shift over from, eg hedge funds). And yet one can just as easily tell a story in which increasing the rewards for patentable technologies will lead to greater investment in unpatentable technologies. To the extent that Bayh-Dole enriches universities, it results in more money being available for non-federally funded research endeavors (including research yielding products that are not protected under intellectual property laws). This leads to the second caveat: internalization of global spillovers is a benefit only to the extent that there is otherwise a problem with underinvestment in innovation. This is not necessarily the case in all circumstances. In the context of domestic IP law, Mark Lemley has argued that innovators will often have sufficient incentives to create even when others can free-ride on their discoveries. 91 Similarly, in the context of international IP law, nation-states may have sufficient incentives to subsidize knowledge-good production even when other states can free-ride on the resulting knowledge. As we explain in a separate article, not all knowledge goods are global public goods, and governments have many motivations to invest in knowledge production that the conventional economic account fails to capture-including motivations that might take into account foreign benefits.
92 And yet the theoretical underpinnings of the underinvestment hypothesis are strong, and the existing evidence does little to falsify the hypothesis. 93 As a final caveat, it is worth noting that even if internalization theory is an important overlooked benefit of Bayh-Dole patents, this does not mean that these patents are always welfare enhancing. As others have described at length, Bayh-Dole patents may have numerous costs, including increased deadweight loss, transaction costs, and negative changes in the practice and norms of science. 94 These costs are particularly significant if one focuses on patenting on a global scale, where obtaining patent licenses is often prohibitively expensive. 95 Even if the Bayh-Dole Act increases direct US spending on scientific research, this benefit might not outweigh the costs of the associated patents. This is a specific example of a more general point about IP laws made by Brett Frischmann and Mark Lemley: 'even where internalizing externalities increases incentives to invest, the social costs of relying on property rights to do so still may exceed the benefits'. 96 Note, though, that Frischmann and Lemley's argument is quite different from the 'paying twice' critique of Bayh-Dole. The standard argument for patents is that patents allow for positive externalities to be internalized; the 'paying twice' critique counters that the standard account is inapplicable in the context of publicly funded research because externalities have already been internalized. Frischmann and Lemley's general point casts doubt on the standard argument at the first step; the internalization theory casts doubt on the 'paying twice' critique at the second step. The two points are entirely consistent with one another: the social costs of relying on property rights sometimes exceed the benefits from internalizing positive externalities and Bayh-Dole sometimes allows the United States to internalize positive externalities from federally funded research. Of course, if the IP system cannot be justified on internalization grounds, then neither can Bayh-Dole be. Yet the standard account of patents-with all the caveats that come with it-applies to the Bayh-Dole context to a greater extent than exponents of the 'paying twice' critique tend to acknowledge.
III. THE GLOBAL RE ACH OF US UNIVER SIT Y PATENTS
So far, we have considered how Bayh-Dole might serve to internalize foreign benefits in theory; here, we consider the global reach of Bayh-Dole patents in practice. As noted in the Introduction, access-to-medicine advocates have raised concerns about the distributive impact of university patents on consumers in low-income countries. 97 For example, in advocating for an 'equitable access license' for free use of university technologies in low-and middle-income countries, Amy Kapczynski, Samantha Chaifetz, Zachary Katz, and Yochai Benkler have stressed the grave human cost that such patents might have:
Perhaps patent-based costs account for only a few percent of preventable deaths from diseases in low-and middle-income countries. Perhaps open access to university-based technologies would only avert a fraction of these deaths and free up a fraction of the research tools relevant to neglected diseases. But preventing even a fraction of one percent of deaths in low-and middle-income countries would translate into saving tens of thousands of lives every year. 98 A high-profile example of a university patent that limited access to an essential medicine abroad is Yale's South African patent on the AIDS medicine stavudine (or d4T). 99 When Yale and its exclusive licensee decided to permit the sale of generic stavudine in South Africa, the price dropped from $1600 to $55 per year. 100 There is surprisingly little data, however, about the extent to which universities in fact seek patents abroad. Was it anomolous for Yale to patent stavudine in South Africa, or was it in line with typical university patent acquisition? Kapczynski et al. lamented that 'there is no comprehensive data and no easy way to determine patent status in the majority of [lowor middle-income] countries'. 101 Bhaven Sampat took a first cut at this problem in his 2009 study of the academic patents on new drugs approved by the FDA between 1988 and 2005. 102 By examining the US patents that drug companies submit with their FDA applications, he found 72 drugs with at least 1 academic patent and 96 academic patents in total (due to multiple patents per drug). 103 Using an international patent search tool known as the Derwent Innovation Index, he concluded that 18 of these 96 patents had counterparts in lowand middle-income countries-a group that included India, Brazil, and China. 104 While useful for showing that stavudine is not unique, Sampat's study is limited to a small set of pharmaceutical inventions, it does not specify which developing countries those inventions were patented in or whether there were any patents in low-income countries (as opposed to middle-income countries), and it does not discuss patenting in any high-income foreign countries. We are unaware of any other public data on the extent to which US universities have sought patents abroad.
To shed light on this question, we obtained data from the Economics and Statistics Division of the World Intellectual Property Organization (WIPO), an agency of the United Nations that administers IP treaties and serves as a reference source for IP information.
105 WIPO provided a dataset of patent filings by US university applicants based on the PATSTAT database, which is compiled by the European Patent Office (EPO) and which combines data from over 100 national and regional patent offices.
106
These data contain counts of the number of distinct patent 'families' filed at each patent office from 2000 to 2011.
107 A patent family is a group of patents-in the same or different countries-that protect a single invention. 108 For example, Boston University sought to protect its blue LED invention with multiple patent applications in each of the United States, Japan, and the EPO, 109 but in WIPO's data these would count as one filing for this family in each of those three jurisdictions. 110 If Boston University had instead only sought to patent this invention in the United States, its three US patents on this invention would count as one patent family filed only in the United States.
111 Families are counted if any of the applicants are US universities as coded by WIPO; these data thus include filings made by US universities in conjunction with other entities such as for-profit firms. 103 Id. at 11. 104 Next to each country (or regional office) are three numbers: the raw number of patent families filed by US universities, and that number expressed as a percentage of the filings at each of the US Patent and Trademark Office (USPTO) and the EPO. It seems unlikely that many US universities filed patents abroad without seeking to patent the same invention domestically, so it is reasonable to conclude, for example, that about one-third of patents filed domestically were also filed at the EPO, and about one-quarter were also filed in Canada. Note that counting patent filings for Europe is complicated because applicants may file patents either directly with a country's national patent office or with the EPO, which simplifies application procedures for 38 member states, some of which joined midway through the period studied. 113 We present the national filing numbers for those European countries with the largest numbers of filings.
At least three important observations can be drawn from these data. First, the majority of inventions at US universities-perhaps as many as twothirds-do not appear to be patented abroad. Why wouldn't a university always file worldwide patents? The main obstacle is cost. As one benchmark, Stanford's technology transfer office explains that comprehensive foreign patent protection can cost over $200,000 due to legal, translation, and filing fees, and that 'under normal circumstances' it does not obtain foreign protection 'unless a licensee is reimbursing patent costs'.
114
Foreign patents can also be more difficult to obtain: the United States gives inventors a 1-year grace period to file a patent application after disclosing their inventions (such as at a conference or in a paper), 115 but such a disclosure will destroy patentability in most other countries. 116 Second, although US universities do not seek foreign patents on a majority of their patentable inventions, they do file many patent applications abroad. The sum of all foreign patent families sought over this 12-year period is 72,370-almost twice the 36,943 patent families sought in the United States. This does not mean that more inventions are patented by US universities abroad than at home; rather, it means that for each patent family filed by a university in the United States, the university files-on average-a family in two more jurisdictions. Third, perhaps unsurprisingly, the number of patents filed in a given foreign jurisdiction correlates strongly with the size and strength of the local economy. US universities sought 59,750 patent families in high-income economies, 9616 in upper-middle income economies, 2952 in lower-middle income economies, and only 52 in low-income economies. And almost all of the patenting outside of high-income economies is in four large upper middle-income economies-China (5675), Mexico (1765), Brazil (1128), and South Africa (523)-and one large lower middle-income economy, India (2483). No other country outside the high-income world received more than 1 per cent of USPTO filings. While these five countries have significant poverty, they also have large economies: China has the second-highest gross national income in the world, India is seventh, Brazil is eighth, Mexico is fifteenth, and South Africa is thirty-first.
117
These patent applications in middle-and low-income countries are worthy of further study, both to examine universities' rationales for seeking patents in these jurisdictions and to determine the extent to which these patents are limiting access by poor consumers.
118 But while developing-world patents have been the focus of the literature on Bayh-Dole's impact abroad, note that most foreign patents sought by US universities are in other rich-world countries. More patent families were filed in each of Europe, Canada, Japan, and Australia than in the middle-income countries discussed above. Given that the former economies more closely mirror that of the United States, we think most readers will find it less objectionable on distributional grounds-and perhaps distributionally desirable-to ask consumers in these jurisdictions to pay for some of the benefits they receive from technologies funded by US taxpayers.
With a more complete picture of how often universities seek patent protection in foreign jurisdictions, we turn in Part IV to the implications of these patents for the debate over Bayh-Dole regimes.
IV. RETHINKING BAYH-DOLE THEORY AND PRACTICE
What does internalization theory mean for the Bayh-Dole Act? As noted above, this was not the theory under which Bayh-Dole was enacted.
119 And like commercialization theory, internalization theory cannot justify the Act's present scope, even under the most optimistic account. Recognizing the potential internalization benefit, however, has at least four payoffs for the ongoing debates over Bayh-Dole patents. This part explains how internalization theory might affect discussions of (i) Bayh-Dole Act reform in the United States; (ii) whether other countries should adopt similar frameworks; (iii) how international trade law should view these regimes; and (iv) whether Bayh-Dole regimes are problematic from the perspective of global distributive justice.
First, to evaluate the impact of internalization theory on the Bayh-Dole reform debate in the United States, consider those patents that cannot be justified under commercialization theory. We have argued that an overlooked benefit of allowing US research institutions to patent inventions stemming from federal funding is that such patents allow the United States to internalize some of the benefits that foreign consumers have received from these inventions. But note that this benefit applies only to patents filed abroad-it does nothing to justify the US patents filed by these institutions, or the associated lawsuits. Perhaps the clearest implication of the internalization theory is that in some cases, US lawmakers might consider limiting Bayh-Dole's scope to foreign patents. 120 To be sure, this kind of split Bayh-Dole implementation might raise practical challenges if arbitrageurs can buy goods in the United States at marginal cost and then sell them abroad to undercut the higher prices of patented goods. 121 In most high-income countries, however, patentees can block parallel imports, thus limiting the extent of arbitrage.
A Bayh-Dole regime that applied only to foreign patenting would not prevent some consumers from paying twice-specifically, US citizens who pay federal income taxes but live overseas. This category encompasses several million people (just how many million is not clear 123 ). Most readers will agree that this problem-while real-is not so serious as to undermine the case for a modified Bayh-Dole regime that focuses on foreign patents. Insofar as US citizens living abroad are unfairly disadvantaged, the problem could be corrected through tax law (eg a deduction or credit for out-of-pocket spending on patented products generated by federally funded research and purchased abroad). Our intuition is that the administrative costs of such a fix would be high relative to whatever fairness benefits it might bring. In any event, the question of how to treat US taxpayers living overseas strikes us as a second-order consideration in the broader Bayh-Dole debate.
Second, although we have framed the internalization theory as a justification for the US Bayh-Dole Act, a similar argument applies to other countries considering the adoption of Bayh-Dole-like regimes. 124 Just as the Bayh-Dole Act allows the United States to internalize some of the benefits to consumers in other countries resulting from US taxpayer-funded research, Bayh-Dole analogs abroad allow taxpayers in other countries that provide public support for the production of global knowledge goods to internalize some of the benefits that their investment yields for US consumers. As we have emphasized elsewhere, the international IP regime provides a framework for allocating the cost of knowledge-good production across borders. 125 Domestic laws that allow for the patenting of government-financed research are one element within that larger framework.
Indeed, the internalization theory seems to apply with even more force in other highincome countries with smaller populations than the United States, such as Norway and Switzerland. Although these two countries have among the highest gross national incomes per capita in the world, 126 they each represent less than 1 per cent of cumulative global income. 127 The United States, in contrast, produces nearly a quarter of global income, so far more of the global benefit of any investment in knowledge production is already internalized. 128 If Norway and Switzerland invested in direct science funding only up to the point that the marginal cost equaled the marginal benefit to their own citizens-without any ability to internalize benefits to foreign consumers from their science investments-then these countries would have weak incentives to become major players in global knowledge-good production. Bayh-Dole-like regimes in small richworld countries may play a significant role in bringing these countries' science investments closer to the global optimum.
Third, even though domestic manufacture provisions might seem like the result of protectionist rent-seeking by US industry, the overlooked benefit we have highlighted might inform how such provisions are viewed under international trade law. The domestic manufacture provisions of the US Bayh-Dole Act were challenged by Brazil in 2001 as a violation of various requirements of treaties administered by the World Trade Organization (WTO). 129 Brazil ultimately suspended this challenge as part of a settlement, such that the WTO never had an opportunity to evaluate the merits of Brazil's claims. 130 Evaluating the legal status of domestic manufacture provisions under international trade law is beyond the scope of this article; we simply note that as a practical matter, domestic manufacture provisions may serve as mechanisms for benefit internalization rather than pure protectionism.
Finally, we suggest that our analysis highlights an overlooked distributive implication of the Bayh-Dole regime. The argument against Bayh-Dole from a global distributive justice perspective is that Bayh-Dole enriches already well-endowed US universities at the expense of foreign consumers-including consumers in the very least-developed countries. It is easy to see why one might object to a regime that results in transfers from consumers in Burundi and Malawi to the coffers of Stanford and MIT. Yet the critique of Bayh-Dole on global distributive justice grounds is not as straightforward as it might initially seem. In a hypothetical scenario in which Congress repealed or curtailed Bayh-Dole and required universities to license the products of federally funded research on a non-exclusive basis worldwide, consumers in Burundi and Malawi would benefit-but so too would their counterparts in Luxembourg and Norway (countries in which per capita gross domestic product is considerably higher than in the United States).
131 Repealing Bayh-Dole is an extremely scattershot way of addressing global wealth inequality, as the benefits would flow not only to consumers in the world's poorest countries but also to consumers in the world's richest.
We are sympathetic to the argument that the United States should redistribute more of its wealth to the world's poor. We are less persuaded that this argument counts as a strike against Bayh-Dole. If the motivation for curtailing Bayh-Dole is that the United States should redistribute more of its wealth to the world's poor, then the more logical conclusion is that the United States should preserve Bayh-Dole and redistribute more of its wealth to the world's poor via foreign aid. To be sure, advocates of increased foreign aid face considerable political obstacles. But so too do critics of Bayh-Dole. The relevant question is whether, in a scenario in which the political will for Bayh-Dole repeal or significant scale-back 129 exists, the political will for retention of Bayh-Dole plus a substantial increase in the foreign aid budget would also exist. Note that the benefits of Bayh-Dole are relatively concentrated (with the pharmaceutical industry and the higher education sector being the most notable winners), while the costs of foreign aid spending are diffuse (spread across all taxpayers). Standard public choice logic would suggest that repealing or significantly scaling back Bayh-Dole may be politically more difficult than keeping Bayh-Dole and increasing foreign aid. Advocates of global wealth redistribution who now target Bayh-Dole might consider resetting their sights.
For these reasons, advocates of global wealth redistribution (and we consider ourselves members of this camp) might consider the possibility of pursuing redistributive objectives within the Bayh-Dole framework rather than arguing for Bayh-Dole repeal or reform on (shaky) distributional grounds. One possibility is to allow federal government grantees to pursue patent protection in other rich-world countries but not in the least developed ones. In fact, such a change might not amount to a dramatic deviation from the status quo. As noted above, US universities are much more likely to seek patent protection under the laws of industrialized nations than under the laws of the least-developed countries.
Additionally, universities (perhaps spurred by access-focused activists within university communities 132 ) may be able to use their patents as leverage to help rather than hurt consumers in the poorest countries. 133 Over 100 universities and other nonprofit institutions have declared that 'responsible [patent] licensing includes consideration of the needs of people in developing countries and members of other underserved populations', 134 and a smaller group has more recently articulated specific ways in which they are 'committed to implementing effective technology transfer strategies that promote the availability of health-related technologies in developing countries'. universities exit the arena entirely and allowing patents to become the province of the private sector alone.
CONCLUSION
Our contribution here is both theoretical and empirical. In theory, the Bayh-Dole Act and its overseas analogs can allow nation-states that produce global knowledge goods to capture a share of the benefits that their investments yield for consumers abroad. This feature plausibly encourages further public spending on scientific research, though we readily acknowledge that this effect is as yet unproven. What we can and do show here is that US universities file a significant number of Bayh-Dole patents abroadprimarily in high-income countries and a handful of upper-middle-income countries, though rarely in lower-middle-income countries aside from India and almost never in the lowest-income countries. The primary effect of the Bayh-Dole Act beyond the borders of the United States is to allow US taxpayer-funded research institutions to claim a share of the benefits that their efforts yield for consumers elsewhere in the rich world.
Does this account immunize Bayh-Dole from critics who charge that it forces US consumers to 'pay twice' for innovations and that the Act's commercialization benefits are overstated? Certainly not. But it does suggest an added and as-yet-overlooked dimension to the Bayh-Dole debate. Our modest conclusion is that supporters and critics of Bayh-Dole alike ought to consider the Act's role within the broader framework of policies allocating the costs of knowledge-good production across borders. While it is too soon to say that Bayh-Dole deserves a place within that framework, we also think that the contrary conclusion is likewise premature.
